
Method for calibrating the zero point of an apparatus determining an amount of silica 
using a colourimetric method 

The present invention relates to a method for calibrating the zero point of an apparatus that 
determines an amount of silica using a colourimetric method. 

It will be recalled that the measurement of silica dissolved in low concentration is extremely 
important, especially in the field of electrical production and the semiconductor industry. 

The silica that is present in the water may precipitate during the expansion of the water 
vapour over the turbine of a power station or, in specific phases of the treatment of the discs 
or wafers, during the production of the semiconductors. 

On the other hand, the presence of silica in the demineralised waters may also serve as an 
indicator that the deionisation resins have stopped working. This silica presence invariably 
precedes the release of the monovalent ions such as, in particular, the sodium and chloride 
ions. 

This amount of silica in solution is measured using a colourimetric method: a complex that is 
specific to the silica to be measured and that develops its own individual colour is provided 
for this purpose. 

A light emitted into a solution of this type is absorbed by the provided complex proportionally 
to its concentration in accordance with the Beer-Lambert law: 

I = I 0 exp (-kLC) (1) 

in which: 

- 1 is the measurement of the amount of light received through the solution; 
- 1 0 is the amount of light emitted into the solution; 
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- L is the length of the optical path crossed by the light; 

- C is the concentration of the provided complex; and 

- K is a constant linked to the measuring device and to the molecular extinction coefficient of 
the analysed solution. 

The Beer-Lambert law expresses a correlation between the concentration and an absorption 
measurement of an amount of light. In other words, it expresses the fact that the concentration 
is connected to an absorption measurement of an amount of light by means of a linear law. 

C = Co + K.log(IoA) (2) 

in which: 

- Co is referred to as the zero point of the measurement; 

- K is the gradient of the measurement; 

- Io is the intensity measurement of the emitted light; and 

- 1 is the measurement of the light intensity received through the solution. 

It will be noted from the above equation (2) that two methods are possible for determining the 
coefficients of the linear equation connecting the concentration to the light absorption optical 
measurement: 

- Determining the light absorption of a solution without silica containing the necessary 
reagents for the measurement, in order to determine the zero point, then the light absorption 
by a highly concentrated silica solution within the measurement range of the apparatus, in 
order to determine the gradient. 
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- Determining the light absorption of two solutions having a known silica concentration. 

Both of these methods require the initial silica concentration of the water used to prepare the 
reference solutions to be known in order to calculate the zero point and gradient coefficients. 
However, this concentration is unknown. Nevertheless, the following two linear equations (3) 
and (4) should allow the silica measurement to be calibrated: 

C,+X = Co + K.log(I 0 /Ii) (3) 

C 2 + X = Co + K.log(Io/I 2 ) (4) 

in which: 

- Io is the measurement of the amount of light as a function of the solution that is present in 
the cell; 

- Ii is the known concentration of the reference solution 1; 

- h is the known concentration of the reference solution 2; and 

- X is the unknown concentration of the water for preparing the solutions 1 and 2 having a 
low silica concentration. 

These two linear equations (3) and (4) comprise three unknown elements Co, K and X and can 
therefore not be solved. 

It is therefore not possible to know in a simple manner the real gradient and zero point of the 
measurement from the simple preparation of prepared solutions, as explained above. 
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Moreover, the other simple known methods for measuring a solution having a low silica 
concentration do not provide an absolute measurement of the silica concentration and all have 
this same drawback. 

Among the methods used for calibrating the silica measurement, the following two may be 
cited in particular. 

According to the first method, the silica residue in the dilution water may be measured by 
mass spectrometry (ICP-MS: Inductively Coupled Plasma-Mass Spectrometry): this method 
is difficult to implement and does not seem to be economically usable in industrial on-line 
measurement. 

According to a second method, the gradient is determined by measuring a high-concentration 
solution for which the error in the preparation of this solution and the error in the zero point of 
the measurement will be negligible relative to its concentration. For this purpose, two 
reference solutions, of which the more concentrated solution is obtained by pre-concentrating 
the first solution by a factor N of at least 20, are produced by heating and evaporating said 
first solution by means of controlled microwaves. The two solutions thus have concentrations 
X and N.X, wherein N is the pre-concentration factor that is in the ratio of the volumes before 
and after evaporation. The linear equations (5) and (6) are thus obtained: 

X = Co + K.log(Io/I,) (5) 

N.X = C 0 + K.log(Io/I 2 ) (6) 

in which the parameters have the same values as in the equations (3) and (4). 

This method allows the linear equations (5) and (6) to be solved and the zero point of the 
apparatus to be deduced therefrom, provided that K is known. However, it has the drawback 
of having an extremely long response time (the pre-concentration procedure has to be slow 
and controlled) and it is also inapplicable in an industrial setting and in process control. 
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A further aim of the present invention is to provide a method for calibrating the zero point of 
an apparatus that determines an amount of silica using a colourimetric method, allowing this 
calibration to be carried out within an acceptable period. 

A further aim of the invention is to provide such a method that is simple to implement. 

These aims and others that will subsequently become apparent are achieved by a method for 
calibrating the zero point of an apparatus that determines the amount of silica contained in a 
silica solution sample to be analysed using a colourimetric method consisting in successively 
introducing into this sample a molybdate solution, a developer and a reagent, said method 
being characterised, according to the present invention, by the fact that the developer, then the 
molybdate solution and finally the reducing agent are successively introduced into a sample 
of the silica solution to be analysed. 

In an apparatus for analysing the silica contained in a solution, the sample to be analysed 
circulates in a rapid loop, allowing rapid renewal of the sample. The flow rate is adjusted by 
means of a needle valve. At the start of the analysis, the sample is introduced into the 
measuring cell by means of the electromagnetic valve. A molybdate solution, which reacts 
with the silica contained in the sample, is then added: a silicomolybdic complex is thus 
obtained. The reaction time is relatively long (around 300 sec). 

A developer, such as oxalic acid, is then added in order to prevent phosphate interferences and 
to develop and intensify the colour of the silicomolybdic complex. 

This silicomolybdic complex is then reduced to a blue molybdenum complex by means of 
ferrous ions. 

A light absorption photometric measurement is carried out at the end of the reaction. 

The silica dissolved in solution is in the form of salicylic acid or various types of silicates. 
The acidic molybdate thus reacts with the silica in solution to form a silicomolybdic complex 
that is yellow in colour and may be detected by the light absorption measurement in order to 
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detect a concentration of some mg/1 [ppm: part per million]. After reduction, the yellow 
compound is transformed into a complex that is blue in colour and allows a more sensitive 
detection of the silica concentration at the level of the \ig/\ [ppb: part per billion]. 

In order to calibrate the zero point of an apparatus of this type using the above analysis 
method, oxalic acid (developer), then the molybdate solution and finally the reducing agent 
are introduced into a solution sample to be analysed. 

The method in accordance with the present invention thus: 

- allows the light absorption due to the colouration and to the possible turbidity of the 
reagents to be compensated; 

- allows the light absorption due to the blue silicomolybdic complex formed from the silica 
contained in the molybdate solution to be compensated; and 

- prevents the silica contained in the water at the moment of the preparation serving to 
calibrate the zero point from reacting and forming the blue silicomolybdic complex. 

The tests that were carried out revealed that the light absorption measurement I remains 
unchanged to within 1/1000 for solutions comprising between 0.5 ng/1 and 200 ng/1 of 
dissolved silica. They demonstrate that the reaction resulting in the silicomolybdic compound 
cannot take place. 

This reference measurement, which allows the zero point of the apparatus to be calculated and 
which does not depend on the concentration of the dissolved silica solution on which it is 
carried out, was then correlated with the pre-concentration method described above: the 
measurements obtained using the two methods are identical. 

The aim of the following example for determining the zero point is to allow a person skilled 
in the art to obtain a better understanding of the implementation of the method in accordance 
with the present invention. 
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Example 

A sample that was present in an overflow tank was introduced into a measuring cell, the 
volume of which was approximately 8.5 ml. 250 ^1 of a solution of 40 g of oxalic acid 2H20 
were then added. 

The mixture thus obtained was continuously stirred in order to homogenise it as quickly as 
possible: the measuring cell, which was made of a heat-conducting material, was maintained 
at a constant temperature of 25 °C. 

Around two minutes after the introduction of the oxalic acid, a first absorption measurement 
of the light in this cell was carried out: this measurement, lo, was the intensity measurement of 
the light emitted in the Beer-Lambert formula recalled above. 

250 nl of a molybdate solution, the composition of which for 1 litre was: 

- Sodium molybdate, 4H20 35 g 

- Sodium hydrogen sulphate, 1H20 80 g 

- Sodium hydrogen sulphate, anhydrous 70 g 

- Concentrated sulphuric acid 25 g 

were then introduced. 

After one minute, a reducing agent, the composition of which for 1 litre was: 

- Concentrated sulphuric acid 12.5 g 

- Mohr's salt (ammonium ferrosulphate, 6H20) 20 g 

was then added. 
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A second light absorption measurement I was carried out one minute after the addition of the 
reducing agent. 

By applying the Beer-Lambert formula, which expresses a proportionality between the silica 
concentration in the sample and an absorption measurement of an amount of light, the zero 
point of the measuring apparatus was determined. 

The zero point may be calibrated using the same method, but with different reagents used for 
measuring the silica by means of colourimetry. Thus, in the colourimetric method using a 
molybdate, a mixture of citrates, then a reducing agent such as amino-naphthol sulphonic 
acid, the zero point in accordance with the present invention will be determined by 
introducing the mixture of citrates, the molybdate, then the reducing agent into the sample. 



